SRUTI: THE SCALIC FOUNDATION 





R. Sathyanarayana 


A foundational aspect of every musical system is that of the scale. 
Each system resolves the problem characteristically, and often uniquely, 
by asking and answering questions from time to time within the matrix 
of its history, cultural and traditional values, musical needs, aesthetic con- 
ventions etc. Indian music has evolved a theory of the scale in terms of 
a unitary and basic concept called the sruti, through at least two millennia. 
This theory is both adequate and unique. Its conceptual bases are far- 
reaching in their scope, function and influence; yet it is unfortunately little 
understood or appreciated on an international plane where it is even often 
misreprsented. This is largely due to the fact that a systematic attempt 
to provide for its representation and discussion on international forums has 
yet to be made in our country where ethno-musicology and comparative 
musicology are now in their infancy. A further disadvantage is that until 
very recently, the problems of musical scales and intervals have been 
obscured by an exclusive preponderance of a bias for mathematical theory 
or interpretation which is not very relevant in a musicological, psycho- 
acoustic or psycho-physiological context. 


__ Thus the frequency ratios of the srutis of Indian music are of little 
significance per se. They reveal nothing of the conceptual foundations of 
our theory of scale or interval. They obscure the real functions of this 
unitary concept in deriving, explaining. and predicting empirical facts or 
usages, as any systematic, scientific theory should. If the scale is relevant 
and important to musical system, and if its building unit is relevant and 
important to the scale, then the relevance or importance of the srufi cat 
hardly be exaggerated. Sound textual evidence clearly suggests that such 
an adequate theory was formulated in India in a framework remarkably 
free from the cramping hand of Space or the corroding touch of Time. 
Such textual evidence is rather fragmetary and diffuse. It is the purpose 
of this short paper to present some of the highlights of this ancient theory 
through an eclectic ratiocination and to indicate its enduring applicability. 
The approach is of necessity brief and casual; the scope of the paper 's 
essentially suggestion. A more systematic and extensive treatment may 
be found elsewhere.: 
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Scalic Models 


“Scales are made in the process of endeavouring to make music’’2 
rather than the reverse. A scale is also a schematic organization of the 
tonal materials employed in a pitch series and is thus an ordered and com- 
prehensive arrangement of the intervals occurring in a musical system. 
A scale thus involves the concepts of, but is not synonymous with, tonality, 
modality and key. The birth of a scale is contingent on the perception 
of pitch relations as a succession of intervals. A relevant psycho-physio- 
logical factor is the inherent activity of the central nervous system in man 
to organize sensory perceptions, with its analogue of symbolic, transoforma- 
tion in semantics and philosophy. The psycho-acoustical factors contri- 
buting to the construction of a musical scale are (1) the breadth of pitch, 
ie., variability of frequency within small limits without perceptible differences 
in pitch; (2) interval quality i-e., the variability in the intervallic quantity 
while the character of the interval remains unchanged; (3) absolute limits 
of pitch discrimination and practicable limits of interval discrimination; 
(4) laws of habituation involving mechanisation of behavioral or affective 
response and (5) laws of association involving response to formation of 
types. The function of the scale is aesthetic because it is the epitomy 
of the psychologically, physiologically and aesthetically discriminable 
intervals in the audible range and “the organization of them into familiar 
patterns used in music for aesthetic purposes.’’3 


The construction of a musical scale proceeds through the operation 
of one or more of the principles of natural design, phenomenology, psychic, 
acoustic or aesthetic distance, or through extramusical principles such as 
mathematical, religious, spiritual or superstitious, or even physical factors 
involved in the construction of musical instruments. Natural design relates 
to the overtone pattern, while phenomenology relates to natural occurrences 
such as animal cries; the principle of distance relates to the need or other- 
wise for tempering; extramusical contributory factors or theories such as 
the tridosa of the organism, affective association or coloration, zodiacal 
association, supersitious numerical association, philosophical theories etc., 
are evident in the shaping of musical scales in India, China, Persia and 


Egypt. 


_ Musical scales were evolved, historically, on theoretical or pragmatic 
criteria. Those of Persia, Arabia and Greece have a pragmatic bias while 
those of India, Greater India, China and Japan have a more or less theoreti- 
cal orientation. The Arabians and Persians have evolved their musical 
scales through instrumental technology relating it to division and sub- 
division of intervals. The Greeks have employed the principles of (a) 
mathematical or just intonation by correlating the simplicity of numerical 
ratios to aesthetic quality, (b) the cyclic projection of consonantal intervals 
such as the pure fifth in what is called the Pythagorean intonation. A 
Slight variation of this technique obviating or minimizing the divergences 
oF noncoincidence of intervals in higher registers is the cycle of blown fifths 
used in many early musical systems such as those of Java, Siam, Burma, 
Peru, Melanesia, Brazil and a few African tribes.4 (c) the progression of 
tetrachords (of systemateleion) overlapping in a common interval by con- 
junction (synaphe) or by disjunction through separation by a_ tone 
(diazeuxis). This was developed by Aristoxenus into 2 Greater Perfect 
System and a Lesser Perfect System by symmetry and variation of intervals 
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in the two tetrachordss. These three principles give rise to the diatonic, 
chromatic and enharmonic scales.¢ 


The Scalic Unit 

At an emprical level, a musical scale is evolved by the selection of a 
nucleal interval, usually from phenomenological material and by its more 
or less systematic extension in one or both directions. This technique 
may be designated karsana. It is evident in the lower scalic forms of 
ethnomusic. Lach, for example, has shown how the historical scales may 
be derived from the primitive cry or Urschrei through the processes of 
portamento, glissando etc.7_ Ethnomusic reveals the derivation of a tetra- 
chord range through a preference for a descending fourth, and rarely by 
an ascending fifth. Parry has shown the operation of the principle of 
extension in the derivation of the tetrachords of Greek music.8 Pheno- 
menological events such as animal cries, bird songs, primitive cries, child- 
songs etc. suggest a phylogenetic origin of such extension while intermediate 
linguistic forms such as the recitation, parlando etc., reveal its more or less 
conscious operation. The wdatta triad, the arcika-gathika etc. system of 
recitation, the yajurvedic heptachord encompassing abhinihita to tatha- 
bhavya9-10 and the samavedic hepachord encompassing krusta to atisvarya, 
sastha or antya '-13 as well as the extension in recitative techniques of the 
various vedic schoolst4 etc. clearly reveal the karsana principle in ancient 


Tndia. 


’ A common feature of the more developed musical system is the sub- 
division of such nucleal interval. Arabian music and Persian music of the 
13th century A.D., have experimented with a 18-note scale, 15 and later with 
24 subdivisions in the scale (through the bifurcation of each of the twelve 
nim pardah'6 and of 22 degrees.17 Chinese music, for example, divides its 
scale into 18, 53, 60 or even 360 degrees.18 


Sruti: Origin and Conceptual Evolution 


Indian musical theory has postulated the sruti as the scalic unit in 
laukika (secular) music since at least two thousand years. Like several 
other technical terms in our musical theory, the term sruti is also a borrowal 
from a vedic context. The general connotation of the word (iit. that which 
is heard) has been crystallised from a solution of ascribed attributes into 4 
technical entity with definite, prescribed or conferred functions and scope. 
Its foundational role in the scale and therefore its authority in the world of 
music was emphasized by analogy with Sruti (scripture) which is prescribed 
to be foundational and authority for the word. The term is also used in 
the sense of pitch in vedic literature: waa cerpraraad qohrat 


TaraTITATT | TH TT: wo fs TeAT 1 19 (eka sruti-one pitch). weer: 
qe: Hy: F Tareega: 12° Sareea awa Far aght at 121 The Naradiya 
Siksa employs the term with at least four distinct meanings in the sense 
of pitch (dhvani) way fray arargearad aft: 122 in the sense of 
interval (svara): qui ant SS ECICEECICH ae qrarert. daira : f 123 
afaza afa gaia, crciift aqt2+ in the sense of intervallic displace- 
ment: Qfrea faady (?7-Acaatin?) afraq <awdt wad °5 and finally 
implying their subtle (and presumably minute) nature26. However. a 
word has been employed in the sense of a minute discriminable pit 
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difference by Saunaka: nraraanizat qax aar27 which Uvata expands 
with his commentary: : Tah aI zee: | wa oafafasrar safe Panini also 
employs the word in the sense of a small (differentiable) pitch; wm =fa 
qa arqat *8 and Patanjali explains; ekasrutih saptamah. 


However, the sruti is used in Naradiya Siksa almost exclusively in the 
sense of five techniques of intervallic extension, displacement or embellish- 
ment under the name of dipta, ayata, karupa, mrdu and madhya.29 Yajna- ° 
valkya also mentions the sruti varieties probably in the same sense: 
aerareateat : afasfafere: 1 aera = Aterart  frasofa 113° 
Bharata 3! and Abhinavagupta in his commentary on the former32 both 
mention these five sruti mames in much the same meaning. One final 
usage in Naradiya Siksa is suggestive: geadraca weg arerafafa “fa: 
These concepts of definite pitch, interval, just differentiated interval, 
tonal extension, displacement or embellishment, a common location 

etween two musical entities etc., formed the conceptual source material 
which was adopted and adapted in a musicological context to delineate 
the sruti as the fundamental scalic element. 


The Sruti Experiment: Methodology 

Our ancient theorists have offered experimental devices for the 
determination and exact understanding of the srutis. This is done with 
varying degrees of objectivity. Two stringed instruments are tuned in 
unison exactly to prescribed conditions. One of them is kept unchanged 
throughout the experiment to serve as a control or basis of comparison 
while the notes in the other are progressively and systematically diminished 
so that in each step, each of consonantal note pair is so far reduced as to 
Merge into the next lower note on the control instrument. The number of 
intervals obtained in each case is totalled and found to be equal to 22. The 
method offered by Bharata (and by Matanga who largely follows him) 
suffers in objectivity because it assumes a prior knowledge of two contem- 
Porary scales, the sadjagrama and the madhyamagrama in the experimenter, 
which at this distance of time can at best be only inferred. Further, the 
method is a post-eriori because it defines the intervals obtained by such 
collective dimunition as dvi-,tri-, and catuhsruti, so that each individual 
Sruti is not separately obtained.34-35 Again, the Bharatiya experiment 
apparently assumes that its results are reproducible in any pitch range at 
which the instruments would be tuned to the sadjagrama. Abhinavagupta s 
genius has offered a far more scientific methodology by (a) independently 
defining the srtui through its attributes; (b) avoiding dependence on prior 
knowledge of madhyamagrama; (c) improving the comparative technique 
through his expansion of the vikalpa, ‘va’ for augmentation and dimunition 
in the original text (d) clarifying the meaning of pramana in the original text 
by refuting misinterpretations; (e) improving the technique of dimunitive 
tuning; (f) defining the unison tuning unambiguously and (g) extending 
the dimunition to every note at every stage36. However, he is committed 
by his examplar to relate the sruti to the grama and therefore suffers in 
objectivity to this extent. However, it is Sarngadeva who offers a purely 
teproducible method, independent of any prior assumptions as to current 
usages. His definition of the srufi is largely inspired by Abhinavagupta but 
the experiment is entirely a priori, for he defines the intervals through the 


sruti and relates the sruti to the completely fixed and enduring concept - 
the register (sthay’). He applies successive dimunition to each interva 
and points out that at the second dimunition gandhara and nisada merge 
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into risabha and dhaivata; at the fifth, risabhasadja and dhaivata-pancama 
pairs coincide while at the ninth, sadja-nisada, pancama-madhyama and 
madhyama-gandhara pairs in the two instruments coincide, so that each note 
in these pairs has two, three and four srutis respectively, thus totalling 
twentytwo. The crux of the method lies in the following: (1) defining the 
pitch range at which the results are reproducible; (2) defining sadja, risabha, 
gandhara etc. at the 4th, 7th, 9th etc. srutis. Thus, that pitch range of 
mandratamadhavana at which the various notes can be located at these 
prescribed positions and where twentytwo such positions are obtainable, is 
the appropriate pitch range and these interval are the srutis. (3) A third 
aspect of the method is the introduction of the principle of rakti to delimit 
the number ofintervallic dimunitions. (4) The expanse of this range of 22 
srutis is defined as the sthayi. (5) Every stage of dimunition is retained for 
repeated comparison. The implications and analysis of these methods 
are beyond the scope of this short paper but are studied by me at length 
elsewhere.37 


Sruti: Attributes and Acoustical Basis 


The sruti concept in Indian music is multidimensional and projects 
into several fields. Therefore it would serve little purpose in attempting a 
brief, inclusive definition. The purpose of this paper, on the other hand, 
is to resolve the concept into its various attributes and roots so that its 
functions may be derived or explained. To study a the evolution of these 
attributes and roots in a historical perspective would be productive but 
limitations of this paper preclude such a treatment. The textual sources of 
such a study are collated—and collimated—by Matanga and Abhinavagupta 
and may be regarded as mutually inclusive rather than otherwise.38 There- 
fore an eclectic study would suffice here. 


Thus the sriti is a just differentiable interval in pitch — a dhvanivat- 
laksanya: greaee eatdoeas araat erafada at Plaaearerat SIT AAT 
aT eafafatett aaa oat cored at wag eaatfastoeari Tal 
wag Wet 1 aa ca aaenateeat a (! at) fag cadet area aaarsfatels, 
mare TATA: ‘nage arqey’s9 Visvavasu describes the sruti similarly: 
sanz tafata gfadaq 14° 
So also Catura (? Tumburu?): geal cad watt fasiat avait qa And 
Matanga: adtat eafafasiarot ara... . 1 42 Sarngadeva has made this 
explicit by relating the sruti with contiguity (dhyvanyantarasruti); and con- 
tinuity (nairantarya) by interpreting sravanendriya grahyata and uccaisiard as 
pitch discrimination. If this is read in conjunction with Kohala’s definition 
of svara: eaat xR: FAT: THA: 44 an important inference becomes admiss!D'e 
viz., that of all the srutis some acquire expressiveness as svara through rakti 
(mental coloration, appeal etc.) while others, in between two such srutis 
do not. This is the division of the srutis into svaragata and antaragata by 
Visvavasu.4o Tt is very explicitly stated by Abhinavagupta again W ie 
commenting on Bharata’s ordered relations of musical notes : : 
afataraa taut aactartat:4s—that dhvani may or may not have rakti, that 
it is a pitch, a point or level of sound and that sruti is the interval between 
two such pitches: zadis waat ar eafa:, safe: cam, aera 7 afd, 
eufaacrererarrarg 1 45 He again clearly states that there is the absence 
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(or distortion) of svaratyz in such intermediate or antaragata sruti: ara 


caveat fafedy aecueaiafastag cafe (fa) dareate saditfa aaa | 47 


The attributes of continuity and contiguity are clearly logical necessi- 
ties, for it is universally recognized that the tonal phenomenon is a space- 
time continuum. Aristoxenus was perhaps the first occidental musicologist 
to assume a linear continuity of tone. In India, it is time and again 
acknowledged that musical sound is continuous. Matanga asserts that des- 
pite the two fold division into antaragata and svaragata, sruti is indeed only 
one:. ar qarfa fzat Har cacrracfaarra 48 Matanga uses a purna-upamana 
with sruti and Sruti with vedantic overtones which inspired Sarangadeva to 
worship nada as Brahman because both are continuous, infinite, latent or 
potential and yet can appear as discontinuous finite and manifest. Abhinava- 
gupta also endorses this view. because he cites Matrgupta as saying: 


qairs oH ware tea: 49 


Now, rakti is an attribute which manifests through anuranana — co- 
vibration or resonance. This is clear enough from the acouscal observation 
that a monotonic frequency becomes a musical note when it is enriched by 
other vibrations forming an. overtone pattern and the degree of rakti is 
directly proportional to. the number and favourable distribution of these 
overtones. Thus the svaragata sruti obtains expression through anuranana 
while the antaragata sruti has little or none of this attribute. However, 
anuranana is also sometimes interpreted in terms ofa temporal sequence: 
that the initial, pure monotonic vibration of the body existing in a minute 
but finite life (ranana) is followed by sympathetic vibration, anuranana.s© 


This leads to the temporal atributes of the sruti: Abhinavagupta un- 
equivocally admits the attributes of kaala, kala, breadth, duration and pitch: 
wife aay Tt aaa Atay aretat A Arad cad T Henfahe eats 1 
Kaala and kala here mean the time lag between production of a tone and its 
Perception; duration (aywh) is the minimum period of existence for it to be 
perceived, breadth (nadamsa) is the minimum frequency incerement required 
for its perception. Pramana means the interval of the sruti Sthana is pitch. 
Nanyadeva transmutes the concept of the five srutijati-s into a very productive 
and systematic theory of the sruri to explain scalic phenomena. This will 
be discussed in the next section. It suffices to mention here that he derives 
the 22 srutis out of these five through differentiation in terms of kaala, kala 


and pramana: qedar: sarerararad faatear attaafarfete faeaa: t 5? 


It is extremely interesting to note that these attributes of the sruti 
have sound accoustical and psychological bases, for every one of these finds 
corroboration in the researches carried out in these fields. Thus psycho- 
accoustic and physiological correlates of the sruti as implied in its etymology 


aa afrtftai: 33 yaa aren erat: ferrrega: | afters: TATE 
wertatrarent: 54 af: aaa gad eafreatsfaehae aoa: mafated sere feats 
Wa 155 are corroborated in modern work in these areas 36. Again, 
Pitch discrimination as implied in sravandri yagrahvata may be resolved 
Into intensity, time interval or lag, and breadth. These find realization in 
recent acoustical findings. Thus Culver concludes, on the basis of his own 
researches: ‘However, in order to be audible, the sound must represent a 
certain minimum amount of power; that is the sound must have a certain 
intensity and this minimum depends on the frequency. The ear 1s most 
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sensitive in the region of 2,500 c.p.s.; for both lower and higher frequencies, 
the sensitivity falls off rapidly’.s7 On time interval and frequency interval, 
he says: ‘Another aspect of pitch perception which is coming to have in- 
creased significance concerns the minimum time required for the ear to 
recognize a definite pitch .. it would appear that the pitch perception time 
is more or less independent of the frequency, being the order of 1/20 sec. 
Not only can the ear catalogue a note as to pitch in a remarkably short 
interval, but it can also recognize a sound as such when only two vibrations 
are made .. However, to recognize the characteristics of a note, anywhere 
from 2 to 20 oscillations are necessary.58 The findings of Dashiell,s 
Woodworth,6o Fletcher6t and Seashore®? are concordant on the generality 
of these attributes of the sruti.. While agreeing with the above results on 
duration, Revesz adds that it depends also on the progress of the 
stimulus.63 Glen Haydon further adds that “Duration is; thus one of 
the four intrinsic orders of tones; it is of particular significance in relation 
to the rhythmic structure of music.’’64 This duration has been called maana 
by Kumbhakarna in the 15th century A.D.s. 


Nairantarya is an attribute of a tonal element which is yet to receive 
experimental interpretation, though it is generally conceded that the tonal 
phenomenon is a continuum. Thus, for example Seashore asserts” .. it 
(pitch) denotes highness or lowness in the tonal continuum along which we 
locate the musical scale.”66 However, since sound is a spatiotemporal 
event projecting into the physical, physiological and psychological dimen- 
sions, absolute continuity cannot be attributed on empirical, epistemo- 
logical or psychological grounds because consciousness is itself generally 
regarded as a sequence of contiguous but discrete bursts. But the philo- 
sophy of Indian music considers sound and therefore the sruti as a cont 
nuous phenomenon. A pragmatic discreteness of tone perception has been 
systematically studied. It has been found that dhvani vailaksanya — to use 
Abhinavagupta’s expression, —- or pitch discrimination may be measured 
in terms of just noticeable differences in pitch. Such differential percep- 
tion, expressed as the number of such differences is a function of the intensity, 
range, pitch level and complexity and is fairly independent of traming. 
intelligence or age. The work of Culver,67 Revesz,68 Glen Haydon® 
Seashore, Shower and Biddulph,7° and Fletcher7!, may be mentioned a 
this connection. An important effect of extrapolating a pitch or interva 
to a distant range is the lack of exact congruence. This problem is familiar 
in every instance of tuning in homophonic or polyphonic music and manr 
fests itself in the form of the schisma, diesis, commas of Pythagoras an 
Didymus etc. I have called this effect vaditva bhagnata parinama in rele- 
vance to melodic systems with restricted pitch range such as Indian musi’ 
which employs a three register range. Our musical theory has recogniz 
such discrepancies and makes adequate allowance. Thus Pundarika 


Vitthala states: agarfirtanfaer axareae afe 1 a Uaetfrat: ad ereT 
wears \72 and Somanatha: qdqqqara ward Teraifad: TA AAT 
qaaartracs area at at ear 73 


Finally two other attributes of the sruti may be mentioned. ie 
are essentially postulates; they are unique to Indian musical theory cat 
are highly productive with far-reaching results. These are the concep 
of uradhva spara (vertical recurrence; Jit. upward touching) of 4 samskart 
(experiential residue). Urdhvasparsa stems directly from nairantarya aud 
unity). Thus the srutis are not regarded as discrete, self-contained an 
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independent entities but as the locus traced by the sruti moving vertically 
ina tonal continuum. The svaras are regarded as those regions of the 
continuum where there is manifestation, illumination or expression. Such 
vertical recurrence of a sruti may be considered as occurring at three levels: 
at every successive position, at the distance of 3, 2 or 4 srutis, at the 9th or 
13th sruti and at 22 srutis. Samskara is a concept borrowed from the phi- 
losophical systems. It is the residuum of the quality or attributes of exper- 
ence of a prior existence progressively and cumulatively acquired, according 
to the vedanta. According to the sautrantika buddhist, samskara is the fifth 
skandha, i.e., a principle of pure-experience, nonmaterial and nonactivising. 
It is the subtlest state of experimental residue into which the material (or 
formal), conscious, affective and conceptual states progressively bequeath 
their essential attributes. The nyayavaisesika system postulates samskara 
as one of the 24 attributes (guna) residing in dravya. It is of three kinds; the 
vega resides in concrete objects, sthitisthapakatva (or elasticity) resides in 
ksiti while the bhavana resides in the individual soul being para-sensory and 
being responsible for recall and recognition. Familiar illustrations of 
samskara are the pancikarana of the primordial elements in which each 
transfers its essence to the next, thus progressively causing increasing gross 
manifestation, and the progressive samskarapradana of each syllable in a 
word into the next so that finally the meaning becomes manifest, and the 
extension of this residue donation to words to form sentence etc. These 
are classical examples and need not be elaborated. Their relevance here is 
the adaptation of this philosophic technique into a musicological instru- 
ment. Both the concepts are postulated by Abhinavagupta. 


The Sruti as a Scalic Foundation 


Since the sruti is the basis of the svara in our musical theory, it has to 
explain the empirical facts of the svara and therefore of the scale. This 
may be now briefly examined. 


; Svara is derived from svri, svar, rajr variously meaning sound, 
illumination, (hear-) warming etc. Various theories of the origin of svara 
from sruti are discussed by Abhinavagupta.74 His own view Is that sruti 
is only of the nature of ranana and when this acquires resonance which 
confers continuity, smoothness and rakti, it becomes svara. He refers to 
the Pitch-theory of svara that sruti itself becomes svara by ucca-nica bhava 
1m sequence. Here he offers a very tenable reason as to why svaras caused by 
different srutis at different levels still possess the same effect of anantarya, 
ruksata, snigdhata, anuranana and madhurya; that karanabheda does not 
necessarily culminate in karyabheda. It is thus that vadt «wm: at: Ta: 4 
has to be interpreted; the theoretical provision for this is in the svaragata 
and antaragata srutt, only the former possessing the raktidharma. 


The antaragata sruti confers depth or range on the svara: 9 
Ted zeit zq 75 Sarngadeva also refers to this when he asserts that the 
first three srutis are also the causes of sadja etc.76. That is why Abhinava- 


gupta points out that risabha, for example, is not at the third sruti but is 
trisruti.77 That is why at the range of a definite number of Srutis 


Wt: at apa denfraa: 77 svara acquires a qualitative and quantitative 
exactitude: pramana. 
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Next, the concept of svasamyvedyata of the syara is unique to Indian 
music. This is the property by virtue of which an entity is understood only 
through itself, a philosophical concept usually associated with Brahman. 
Abhinavagupta endorses this view from a host of earlier theorists like 
Visakhila, Matrgupta and Bhatta Tauta who are all agreed that the svara 
is uniquely apprehended as itself at its final sruti.77 The explanation of 
Matrgupta in this respect is very able and adequate faa wz aig: 
THATS: HA ATA: Gas UH Carer efor: 11 78 This is accomplished by 
each sruti donating its samvkara progressively to the next. This samskara is 
compounded of kaala, kala, pramana, ayuh, sthana, nadanisa and the other 
attributes discussed above. As a consequence, any sruti possesses a character 
not only of itself but of all its predecessors also, just as a person possesses 
not only environmental and hereditary characteristics but also the samskara 
of previous births. So the quality and quantity of each sruti is different, 
though by a minute increment, from its predecessor. When the accumu: 
lated samskara is large enough to confer individuality it becomes a svara. 
This is a continuous process and occurs collectively in terms of svaras 
themselves so that not only a given svara in the scale but every svara in the 
tonal continuum becomes svasamvedya.78 It is indeed remarkable that such 
a plausible theory was enunciated a thousand years ago to explain which 
modern psychoacoustic uses such ideas as the Two Component Theory of 
Revesz79, tone colour, brightness, pitch level etc. 


Such samskarapradana — afaaataatradeerefasa 77 — was accom- 
plished by urdhvasparsa and niskasa. Thus sadja the first, full and standard 
interval of reference, may be regarded as achieving its sadjatva when its first 
sruti donates its attributive residue to the second, the second to the third and 
the third to the fourth, thus progressively spanning the interval (thus di- 
minishing its extent) and progressively increasing the samskara content, till 
it acquires self-illumination,self-description aad self-expression at the 4th 
sruti. More precisely, a single sruti may be regarded as occupying each 
successive position, carrying with it the residue of attributes it acquired at 
each existence as a result of the specificity of its distance in the continuum 
from the origin. The nature of these positions is such by definition that 
when only two or three are occupied, dvisruti and trisruti intervals are not 
produced because enough samskara is not acquired for svasaimvedyata. 
However, sadja obtains vertical recurrence exactly at its own interval by such 
continuous progression, now manifesting another- important attribute. 
This is called niskasa or progressive elimination. By shedding its last srutt 
which is directly responsible for its svasamvedyata, it now acquires a new 
personality through vertical recurrence of svasamvedyata itself, at the 7th 
sruti. This is the trisruti interval of risabha. This recurrence — now ° 
3 srutis — is repeated again with the shedding of another sruti, giving 4 
dvisruti interval at the 9th sruti when there is again a urdhvasparsa 2 
svasamvedyata, giving the gandhara. By carrying out this one step farther, 
only one sruti remains. (Note that this progressive extension is the karsana 
principle). We cannot carry out this process below two srutis because 
svaratva is lost due to sthanasankarya and svarasankarya, nor bey ond fout 


srutis because it requires too much musical effort and results in a dischor 


(dvaisvarya) agate aeaafea, featiracfafa 8° Thus the svaras are only 
three ultimately: @¢ Terria: aa ua eaer:-—ahom: qera:80 This is the origi" 
of the trichord, the universal basis of scale construction. This also explains 


the contention of Bharta and Vena that srutis are ultimately only of 9 kinds 
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(each is different because of samskara pradana) and is of fundamental 
significance because the scale is ultimately constructed by the vertical 
recurrence of these very 9 srutis at the distance of a fifth through the dis- 
junctive. The above recurrence may be designated savisesa urdhvasparsa 
because of its differentiating character. However, when this is carried out 
even beyond gandhara to its limit of one sruti, svaratva is no longer possible 
and therefore this is also eliminated. Now the catuhsruti sruti interval 
starts all over again, but from the 9th sruti and recurrs completely again 
in all its original character. This is the madhyama which, because of con- 
gruent recurrence bears the greatest resemblance with sadja but differs 
from it, only because of its recurrence at a different level. This is the dis- 
junctive, the instrument of scalic extension. Now the interval is bound on 
either side with an identical interval with the greatest congruence and is a 
selfsufficient, selfcontained, miniature scale. This is the tetrachord, poss- 
essing a total of 13 srutis, 9 of which are the result of savisesa urdhvasparsa 
while the last 4 are due to nirvisesa urdhvasparsa. 


These two intervals of 9 and 13 srutis are of basic importance because 
urdhyasparsa is repeated again at these two intervals. When this occurs at 
the distance of the entire tetrachord, i.e., at a fifth, for each note another 
exactly similar tetrachord is obtained with identical, exact and complete 
symmetry. When the disjunctive, i.e., the madhyama, very appropriately 
named for this reason, recurs at a fifth, only sadja is now obtained and the 
_ Octave is completed. Thus the trichord, tetrachord and octave may be 

directly derived from this theory of samskara urdhvasparsa and niskasa. 
Now, the octave may be regarded as composed of a trichord and a tetrachord 
or of two trichords separated by a disjunctive. Recurrence may therefore 
occur at the distance of a trichord or a tetrachord. Such urdhvasparsa 
is called samvaditva in Indian music. Thus we may have pairs of notes at 
the end of a trichord or of a tetrachord i.e., at the 9th or the 13th sruti from 
the first. Each of these pairs would have great mutual similarity and slight 
difference for the reasons mentioned above and because of samasruikatva 
and would possess conjugability (through rotability of the interval) which, 
besides the above interval, complete the three criteria of consonance in 
Indian musical theory. However, it is more precise to regard the samvadi 
as a single note obtained by the above attributes than as a pair. We have 
the sanction of Abhinavagupta and his teacher for this TTEATAT ERATE — 
Tftaet aruda, aa qaafat cea aed Tse, Fer a AHeMTTAt 
TART, at att TeeraaTfaats2 The madhyama bhava is different from the pan- 
cama bhava because in the former only savisesa urhvasparsa is involved 
While in the latter nirvissa urdhvasparsa is also present Tt may also be 
Noted that the completion of the scale has resulted in 9+13=9+449=22 
Srutis, which is the span of the scale. It may also be recalled here that 
the 22 srutis were experimentally demonstrated in a perfectly logical 
Manner: while the srutis are developed and realized by the synthetic 
Principle of progressive extension, they are demonstrated by the opposite, 
analytical principle of progressive dimunition. 


_ Thus adjacent notes are obtained by adjacent recurrence through 
Savisesa urdhvasparsa. If the recurrence is the most proximate, vivaditva 
or dissonance results; if at the interval of 3 or 4 srutis, or their total, anu- 
vaditva is obtained; if at the interval of all these, i.e., a trichord, madhyama 
Samvaditva results; if nirvisesa urdhvasparsa also joins in, recurrence at a 
tetrachord results in pancama samvaditva. Now, finally, if the sruti causing 
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svasamvedyata recurs at the total of these, i-e., at 22 srutis, only self-reproduc- 
tion is possible because every other tonal possibility is now exhausted in the 
scale. Thus the note recurrs by partaking of itself. This is called the vadi 
which is therefore defined as q} qeq qaiat erat a aal aeq areay 182 in a text 
ascribed to his rival theorists by Abhinavagupta yqt aafaaat “A aaig 
aradar’ fa vefai8! Apare here stands for Sankuka and Kirtidhara for, 
the recension which offers this text is ascribed to them by Ramakrishna 
Kavi83 The significance of the words amsam and sprati may be noted. 
It is clear that the sthayis or different registers may be derived by such 
successive vertical recurrence at 22 srutis. ° 


The unique position of the madhyama in the scale is thus derived from 
the nivisesa urdhvasparsa of sadia which is nowhere else duplicated in the 
scale. This special character and disjunctiveness makes it as important as 
the tonic itself. This theoretical importance was honoured in practice also 
because it was the backbone of the scale. Hence the theoretical prescription 
in ancient India that it was avinasti. 


The role of the sruti vikrti may now be briefly studied. This concept 
is again unique to Indian music. Perhaps ours is the only system in which 
the suddha svaras are defined as the lowest of all possible denominations 
of that svara and as a standard or origin so that variation is possible only 
by upward displacement. The suddha svaras of the ancient Indian musical 
scale are fixed by definition by the well-known allocation of 4, 3, 2, 4, 4,3 
and 2 srutis to sadja, risabha etc. respectively. This must be recognized as 
a theoretical, not pedagogical or empirical standard. Failure to do so has 
caused much confusion and misunderstanding. Theoretically, this is the 
most logical standard, irrespective of geography or history in India, because 
it can perform all the functions required of a theoretical standard such as the 
organisation of tonal materials in practice from acoustical, aesthetic and 
physiological points of view, comparison, derivation or prediction of modal 
material etc. Svaravikrti was and is regarded as the upward displacement, 
of a svara from its theoretical suddha position by one or two srutis. Sadja 
madhyama and pancama were, however, allowed a downward displacement 
of one sruti each in sadjasadharana, madhyamasadharana and. in madhyo- 
magrama respectively. This svarasadharana admitted of such downw 
displacement largely to avoid two continuous trisruti intervals in the scale, 
probably — and justly— because they were considered to be weak and their 
adjacence would tend to weaken the character of the scale. This is also 
probably why the gandharagrama was discarded. 


It may be noted en passant that the 17th sruti distinguished the two 
gramas which served to provide the important and indispensable tritone an 
to theoretically derive the suddha and vikrta notes of practice through cyclic 
rotation of tonic (murchana). The murchana is the derivation of new keys 
by shifting the origin from the tonic to the appropriate svara such that the 
mutual sruti intervals are maintained unchanged. Tanas or gapped scales 
may be regarded as murchanas in which one or two (or more) svaras ae 
eliminated because the sruti responsible for the svasamvedyata of the appre 
priate svara is not employed. Using the sruti concept, both kinds of vikrtt 
could be derived, viz., in relation to the just precedent note or in relation to 
the tonic. The tonic sadja and its nirvisesa urdhvasparsa, madhyama were 
clearly recognized. to be of fundamental importance as the two gramas 
were named after them. The disappearance of the gravna system from 
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practice has necessitated minor changes in svara vikrti. The sadharana 
technique is no longer needed. The use of 4 sruti and 6 sruti intervals is 
now established in Karnataka music. However these may still be regarded 
as dichords 2+-3, 34-3 or 4-+2 sruti intervals and the ati-prayatna forbidden 
in early theory is now an accomplished fact in theory and practice. The 
downward displacement of sa, ma, and pa is now replaced by a scheme 
of invariant location of sa and pa while ma can be vikrta by upward dis- 
placement. But now the limit of such upward displacement for ri and dha 
(which in the gramas could not be displaced at all) hi has been raised to 3 
srutis. However, these are only secondary theoretical principles which 
do not affect the substance of the above theory. Finally it also explains 
why these two intervals are mutually equivalent but not the pancama. 


Thus all the important scalic phenomena and facts may be derived or 
explained in terms of the simple theory of samskara, urdhvasparsa and 
niskasa. For a more detailed and systematic treatment, attention may be 
invited to my work elsewhere. I believe that the need or importance of 
such a synoptic theory to explain the foundations of our musical system 
can hardly be exaggerated. The essentials of such a theory were formulat- 
ed by our ancient musicologists. This paper aims at reconstructing such 
a theory on the basis of the fragmentary textual evidence available. Only 
the evidence from Abhinavagupta, the foremost leader of such theory, will 
be cited here for want of space and time. 


7 wean sfeafrainedt cart arasfrarrsd Weald weardtyqeararcata 
wise cross afsarrarant wet ahieartaniyerst eae aha feafa- 
Fea aft: | carga oraat Prafaes, za aggre, aa: TK agate saaaras,- 
fea deaifafe agian: | ad wa afreateadt fafa 
TH: | CaEetieg ate: caargia reargay amfefs aay | Ad 
afafeagiafefa aaora (2-4) dafatar adisht ageqhahestatels cere 
worm: afarvafa, mente wena aqeafafettegfatia aa 
feats satren, aaqaa: aa fe aqeqfaerd yoterna, aa 
eres fread cate gaa vafraaysererterart : afer : 1 aaaeart 
sae cafe: dad weit fad ered cad wari wexeniaa: (? fa) 


rar Ua us arsenrs farce az 1 aq aaa aaa ATizeNTeT TC 
Wed ted ;aa Teas: Fava equ: — ale aT: TATA: HET TCA 
Weacqieg 3 80 


An alternative, or perhaps a supplementary, theory was suggested by 
Nanyadeva and developed by Sarangadeva. The five srutis dipta, ayata 
ttc., which were adapted from a vedic context were further expanded in 
Scope with the attributes mentioned above and were regarded as giving rise 
to many other particular srutis so that these latter totalled 22. Thus the 
Srutis are ultimately only five. The distribution of these over the svaras 
in the scale reveals a scheme which admits of several important inferences. 

hese may be regarded as a scalic theory. The number, sequence extent 
and location of these srutis are the basic attributes which determine the 
interval, svasamvedyata, samvaditva etc. of the asvara. The svara construc- 
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tion from these sruti jatis may be analyzed down to the following principles; 
(1) the samskara of a single sruti is not enough for svaratva; (2) A single 
sruti jati cannot donate samskara more than once. The only exception 
to this is in the Karuna at the 17th sruti, which serves to distinguish the two 
granias, i.e., a sruti jati cannot occupy two adjacent positions; (3) no svara 
can contain all five sruti jatis, (4) all five sruti jatis occur in a regular sequence 
only at the beginning on the scale. From these premises and the above 
attributes, the svara and scale may be satisfactorily explained.84 


Sruti: Some Misconceptions 


Some misconceptions of the sruti prevailing in modern musicological 
studies may be briefly mentioned. Thus there is an overwhelming bias for 
expressing sruti values through mathematical techniques; among the more 
prominent of these may be mentioned the system of ascribed equations 
(2 srutis=16/15; 3 srutis=10/9; 4 srutis=9/8), Bosanquet’s method of cyclic 
order and class, and of equal temperament. At the outset it must be 
pointed out that frequency ratios or string length ratios etc. are only em- 
pirical aids and do not contribute anything to theory. They also do not 
explain any of the svara or scalic facts or phenomena. The havoc wrought 
by this method is evident in that to about 250 frequency values already 
proposed for 22 srutis by different scholars more are being added. The 
system of ascribed equations is a failure because these ratios are not ascribed 
to intervals required by textual authority but to others which obviously do 
not have these sruti values. Even the ascribed values differ from calculated 
values. This method repudiates theory, practice and logic. Bosanquet’s 
method is also unacceptable because it involves (a) methodological errors; 
(b) derivation by ascending cyclic fifths; (c) techniques and needs for remedy- 
ing errors of equal temperament unknown in Indian music; (d) derivation of 
only the chromatic scale and not 22 srutis; (e) uses ascribed numerical 
equation; (f) the use of major third as an instrument of cyclic rotation. The 
system of equal temperament assumes a physical equality or equivalence 
of all the srutis which is nowhere implicitly or explicitly provided for in our 
musical theory at any time. Moreover, such equality may be repudiated 
unequivocally. Even if equivalence is a criterion, there are at least three 
other equivalences: psychic, aesthetic and musicological, which are more 
relevant and more important. The values obtained for different intervals 
here differ widely from their: actual ones. 


Two musicological theories of the srutis must be pointed out to be 
very untenable. One is that the 22 srutis can be derived by the quintan 
cycle. Firstly this requires a range of 13 registers which is beyond sensory 
perception. It also involves an intolerable amount of clash of intervals 
(vaditvabhagnataparinama). It gives only svara intervals and not srutis. 
The fundamental attributes of a sruti and a svara are completely ignored by 
this system. The extrapolation of intervals in the higher pitch ranges to the 
experimental octave necessitated in this method involves loss in tone quality 
and brightness; it is also unfounded in theory. 


Another theory seeks to identify the sruti concept with shades of ; 
svara employed in different melodic contexts. It tacitly assumes that the : 
srutis are actually 22 svara sthanas, that sadja is at the first sruti and t : 
everyone of the srutis shall be found used in some raga or another; if not, 
it has no place in the scale. Such mistaken ascription clearly arises out 0 
an equation of the tonal inflexion due to gamaka or contextual usage % 
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sruti. This theory cannot be supported because gamaka is applicable only 
to svaras; gamakas are of infinite subtle variation and this finds usage in 
raga, by no means in only 22 ways. A single note assumes slightly different 
and often intangible, indefinable shades due to gamaka in different con- 
texts by different artists in different ragas. If these are to be called srutis 
each svarasthana will then have a large number of srutis, not a definite 
fixed one, which will be obsolete or will radically change with time and with 
aesthetic requirements or conventions. All these cannot be designated as 
srutis. Folk music employs several intervals never used in art music. 
Furthermore, these shades can find neither a fixed position, nor consonantal 
or other relations in the scale. Illusory notes, medial shades, augmented 
or diminished svaras — all these must be explained through the extensivity 
of svara and not through the sruti concept. The shades obtained by gamaka 
are by vibrato, accent, swing, oscillation, glissando, portamento etc, which 
is always relative to two tonal limits in a range and are never definable with 
respect to position or extent. Often certain shades are obtained through 
illusory notes, association, signification, implication etc. Many of these 
have no independent existence. It thus violates many fundamental require- 
ments or rules of theory. 


The discrepancy that arises between theory and the modern Indian 
key-board instruments by the assumption of mutual equivalence of srutis 
has been shown elsewhere.8s 
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